Abstract. Chronic liver disease (CLD) is a cause of morbidity and mortality worldwide, due to haemodynamic and metabolic complications of liver cirrhosis. During CLD the extracellular matrix undergoes a process of remodelling, leading to new collagen formation and deposition. Tissue remodelling is regulated by fine molecular mechanisms, involving proteases, inhibitors and growth factors. The major role in matrix degradation is played by matrix metalloproteinases (MMPs), a class of zinc and calcium-dependent enzymes, and their tissue inhibitors (TIMPs). Along with the progress in diagnostic techniques, leading to more precise and less invasive methods, the concept of monitoring has gained importance for the clinical management of CLD. At the present state of our knowledge, liver biopsy still represents an essential procedure for staging liver disease. However, despite its importance, liver biopsy presents some limitations: the risk of a disease underestimation is the most significant one, as hepatic lesions are often irregularly located within the liver. Parallel to the limitations of liver biopsy, clinical needs for an early identification of progressive fibrosis require additional non-invasive techniques to be developed. In this review we discuss the major problems concerning this important clinical necessity. Moreover, we focus on the role of MMPs and TIMPs in the pathogenesis of CLD, as well as their possible use as non-invasive serum markers for inflammation and fibrosis in this pathology.
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Chronic inflammation and fibrosis in liver pathology
Chronic liver disease is a cause of morbidity and mortality worldwide (1) . The major causes of mortality related to chronic liver disease are its haemodynamic and metabolic complications, such as hepatic failure, portal hypertension, encephalopathy, ascitis, esophageal haemorrhages and hepatorenal syndrome.
The major causes of chronic liver disease are viral B and C infections, which still remain widespread in many areas of the world. Other causes are alcohol abuse, primary or secondary haemochromatosis, Wilson's disease, and NASH (2, 3) .
Liver cirrhosis can be defined as an alteration of hepatic parenchyma characterized by two major events: necrosis and regeneration. The initial cause of the injury determines the loss of hepatocytes due to both apoptotic and necrotic phenomena; the immune system, as well, can participate to hepatocyte loss either by inducing apoptotic signals or by directly mediating hepatocyte cell destruction (4) . The loss of hepatic function activates an up to now undefined mechanism which leads viable hepatocytes to re-enter the cell cycle and divide by mitosis, to replace the lost cells. However, during hepatocyte regeneration, the extracellular matrix undergoes a process of remodelling, due to the persisting inflammatory stimulus, which leads to abnormal collagen deposition and consequently, to the fibrosis of the paren-chyma. Regenerating hepatocytes, therefore, are strangled within the fibrosis, resulting in an irregular regeneration and in the formation of nodules. Macronodules, micronodules and fibrosis are actually the macroscopic features of liver cirrhosis (5-7).
The microenvironment alterations responsible for hepatocyte regeneration, extracellular matrix remodelling and fibrosis are highly complex and not completely understood. All the cell types present in the liver seem to actively participate in the inflammation process, and consequently, in the fibrosis settlement. A high number of soluble factors are involved, and some of them could be used as markers to evaluate the clinical outcome. Many studies are still focusing on this aspect (8) (9) (10) .
The extracellular matrix (ECM) during chronic liver disease (CLD) is different in quantity and quality from the physiological matrix. In healthy livers, collagen mainly consists of type I and type III, which are present in equal amounts, and is limited to the capsule, around the big vessels and in the portal areas. In perisinusoidal spaces, collagen is poor. When a fibrogenic injury occurs, both type I and type III collagen increase, though type I becomes more abundant. Moreover, fibrillar type IV collagen is deposited within perisinusoidal spaces, between endothelial sinusoidal cells and the vascular side of hepatocytes (Disse's spaces), resulting in the so-called sinusoid capillarization, where hepatic sinusoids lose their fenestrations, impairing the exchange of substances and the metabolic function of hepatocytes (11) (12) (13) . Along with the sinusoidal deposition, fibrogenesis proceeds with the ECM expansion in the portal spaces and around the central lobular vein. Other ECM components such as glycosaminoglycans, fibronectin, elastin and laminin increase during fibrogenesis (14) . A further phase is eventually characterized by the bridging fibrosis, connecting portal spaces to central vein. This process leads to two important phenomena: angiogenesis and the consequent shunt formation, in an attempt of the blood flow to overcome the increased resistance of liver parenchyma (portal hypertension). Abnormal vessel connections are therefore created between portal branches and hepatic veins. Liver fibrosis is a dynamic process, where progression and regression phases can be present alternatively during its evolution (15) .
Such a bidirectional behaviour is however accompanied by a tissue remodelling process which leads finally to a switch of collagen types and, at further stages, to irreversible modifications of the liver parenchyma. Extracellular matrix is actually newly formed during this process, as well as reabsorbed. Fine molecular mechanisms regulate this balance, a broad range of molecules being involved such as proteases, inhibitors and growth factors (16) . The major role in matrix degradation is, however, played by metalloproteinases, a class of zinc and calcium-dependent enzymes which are the focus of this review.
Among the cell types participating in the matrix remodelling, a leading position is held by hepatic stellate cells (HSC). These cells, situated in the perisinusoidal areas, are part of the hepatic stroma and make contact with other cells by their cytoplasmic arms. In healthy livers, HSC show a quiescent fat-storing phenotype and are rich in lipids and retinoids. Liver injury, however, leads to activation of HSC, which is associated to the loss of their storage function, consequent release of retinoids and their transformation into myofibro-blast-like cells, by the expression of ·-actin and consequent acquisition of contractile ability (17) (18) (19) . Although a working knowledge of HSC is still incomplete, they are known to actively participate in matrix remodelling by producing different collagen types on one hand, and matrix metalloproteinases on the other, thus deeply influencing fibrosis progression and regression phenomena (20, 21) . Other cells involved in collagen deposition are liver fibroblasts, and a newly characterized peripheral blood cell type called fibrocytes (22, 23) .
Matrix metalloproteinases in liver fibrosis
Matrix metalloproteinases are a large family of calciumdependent, zinc-containing endopeptidases, which are responsible for the degradation of extracellular matrix proteins.
As many other proteases, they are produced as inactive forms, zymogens, being eventually activated after they are released from cells (24) (25) (26) . Presently, several different MMPs have been recognized. Most of them can act on a broad range of substrates including different collagen types, but also other ECM proteins such as fibronectin and laminin, elastin, proteoglycans, or even surface molecules (e.g., selectins) or growth factors.
The basic structure of a metalloproteinase consists of a zinc-containing catalytic domain (Fig. 1 ). In the zymogen forms the catalytic site contained in this domain is made inaccessible to the substrate by a pro-peptide which, by covering the catalytic site, prevents the substrate from interacting with it. During activation, the pro-peptide is cleaved, and the catalytic site becomes accessible to the substrate. Most MMPs possess different emopexin-like domains, next to the catalytic one. Such a modular structure allows MMPs to specifically interact with their inhibitors (TIMPs, tissue inhibitor of metalloproteinases). TIMPs bind to MMPs by recognizing two different sites; one site is located on to the emopexin-like domains, the other is the catalytic site. A special subgroup of metalloproteinases are membrane-bound (MT-MMPs). The members of this subgroup possess an additional trans-membrane sequence and an intracytoplasmic C-terminal tail (27) (28) (29) (Table I) .
As in many other protease systems, the function of MMP inhibitors does not simply consist in blocking protease activity. The role of TIMPs is, actually, to modulate MMP function. According to a general behaviour in tissue biology, when an injury occurs, different protease systems are activated as a response to tissue damage; however, an increase of inhibitor molecules can be seen parallel to protease increase. In general, while damaged cells produce proteases, healthy cells produce inhibitors; alternatively, inhibitors are produced by surrounding cells different from the ones producing proteases (30) (31) (32) . This is particularly evident in the coagulation cascade, and can also be seen in the liver, during chronic inflammation (33) . However, this does not exclude the possibility that both proteases and inhibitors can be produced by the same cell type at the same moment. The nature of biological phenomena must not be forgotten, so that these assumptions should rather always be considered in terms of relative increases and alterations of physiological balances. Protease inhibition is, in conclusion, part of the proteolytic function, as it allows the regulation of the activity, as well as its space localization. The importance of the inhibitors is that they ensure the finalism of the protease activity.
The activation of MMPs requires a double proteolytic cleavage at the N-terminal region where pro-peptide is located. The first cleavage can be operated by any activated protease such as plasmin, or other serin proteases. During this phase, a short peptide is released, while in the remaining part of the pro-petide a new amino acid sequence becomes accessible for the second cleavage. The second proteolytic attack must be operated by another MMP already activated: a second short peptide is released, and the MMP is finally activated, with its catalytic site free to interact with substrates. TIMPs also take part in the process of MMP activation. Their role is to bind to the emopexin-like domains of different MMPs, allowing them to get close enough to interact and activate each other (32) . TIMPs are particularly important to facilitate the interactions between soluble MMPs to the membrane-bound ones, so that activation of soluble MMPs can occur at the cell-matrix interface, allowing cell migration through the matrix. This mechanism is particularly important for tumour cell metastases, but it can also be observed in the liver, during the ECM remodelling process in chronic hepatitis (34) (35) (36) . The concentrations of TIMPs, and the MMPs/TIMPs ratio are critical for determining the actual proteatic activity. Low TIMP concentrations, or a high MMPs/TIMPs ratio, allow activation of MMPs, while high TIMP concentrations lead to MMP inhibition of activation (37) .
Although many studies have been performed on the MMPs/TIMPs imbalance during different pathological disorders, the great functional redundancy of different MMPinhibitor systems still represents an obstacle for completely understanding of the role of these proteins in different diseases. During chronic liver disease, the injury to liver parenchyma recognizes different mechanisms (38) . Damaged and necrotic hepatocytes must therefore be removed by macrophages, which are called from the circulation into the liver parenchyma, while virus infected hepatocytes are recognized and destroyed by T cells. It is now well known that immune cells, especially during Th1-polarized responses, produce MMPs. Th1 immune responses are characterized by a strong cellular component (macrophages and T lymphocytes) and usually occur during acute inflammations or in the early phases of chronic inflammations (39) (40) (41) (42) (43) . Once liver injury is triggered, resident liver cells are activated and change their phenotype. HSCs have been the object of great interest in recent years. As previously mentioned, once activated they change their fat-storing phenotype into a myofibroblast-like one. This change is evidenced by the expression of ·-smooth muscle actin, so that these cells acquire contractile ability. Activated HSC have been recognized to express a combination of various MMPs and TIMPs, in different phases of the disease. According to Benyon and Arthur (44) , in the early phases of liver injury HSCs transiently express MMP-3, MMP-13 and uroplasminogen activator (uPA), and exhibit a matrix-degrading phenotype. In the later stages of liver injury, however, the pattern changes and the cells express a combination of MMPs that have the ability to degrade normal liver matrix, while inhibiting degradation of the fibrillar collagens that accumulate in liver fibrosis. This pattern is characterized by the combination of pro-MMP-2 and membrane type 1 (MT1)-MMP expression, which drive pericellular generation of active MMP-2 and local degradation of normal liver matrix. In addition there is a marked increase in expression of TIMP-1, leading to a more global inhibition of degradation of fibrillar liver collagens by interstitial collagenases (MMP-1/MMP-13). These pathways play a significant role in the progression of liver fibrosis. According to the same authors, however, regression of fibrosis is possible and, should the cause of liver injury be removed, the pattern reverses and TIMP-1 in particular is rapidly down-regulated. This phase is characterized by increasing activity of collagenases, degradation of liver matrix, and regression of liver fibrosis (45) . In a study on rat liver parenchymal and non-parenchymal cells by Knittel et al (46) , MMP and TIMP coding transcripts were detectable in all liver cell types, though the cellular expression levels were markedly different. In similar studies, performed by various authors, the conclusion drawn was that gelatinase-B (MMP-9) was predominantly expressed in Kupffer cells, gelatinase-A (MMP-2) in hepatic stellate cells and rat liver myofibroblasts, and stromelysin-1 (MMP-3), and -2 (MMP-10) in hepatic stellate cells, as well. Membrane type-1 MMP (MMP-14) was found in significant amounts in all liver cells, thus demonstrating the crucial importance of metallo- Table I . Overview of MMPs and their alternative names. 
proteinase activation at the cell-matrix interface (47) (48) (49) . TIMP-1 coding mRNAs were present mainly in hepatic stellate cells and rat liver myofibro-blasts, TIMP-2 additionally in Kupffer cells, while TIMP-3 expression was detectable only in hepatocytes. Interestingly, during in vitro activation of hepatic stellate cells, MMP expression was mostly down-regulated, while TIMP expression was enhanced, thereby providing an explanation for matrix accumulation during chronic liver disease. Moreover, this study provided a model for the effects of some cytokines of crucial importance during chronic hepatitis and fibrosis, such as TNF· and TGF-ß1 (50) (51) (52) . The results showed that TNF· stimulated both MMP and TIMP expression in hepatic stellate cells, while TGF-ß1 only induced TIMP expression, thus providing confirming evidence for the profibrotic role played by TGF-ß1. Additional information can be obtained regarding the role of TNF· in the initial matrix breakdown following liver injury.
From these data, two concepts began to be clarified: first, the inflammatory component of liver injury is crucial for matrix degradation; TNF· is a pro-inflammatory cytokine, and it supports ECM turnover, as well as immune reactions. The presence of membrane-bound MMPs on hepatocyte cell surface can be interpreted as an immune reaction, to facilitate the migration of immune cells. At the same time, however, it can be read as a response to a hepatocyte need. Activated hepatocytes re-enter the cell cycle during chronic liver disease. So, membrane-bound MMPs can also be seen as an attempt to create space for regeneration. However, any reparative response needs to stop inflammation. This is what happens in further stages of chronic liver disease, where antiinflammatory and profibrotic cytokines like TGF-ß1 are produced, and fibroblasts are recruited. In these stages, TIMP production overcomes that of MMPs, therefore, new extracellular matrix is synthesized (53) (54) (55) (56) (57) . Activated HSCs have also been shown to be an important source of interstitial collagens, including fibrillar collagens type I and type III which determine fibrosis. Previous studies have shown a TIMP increase in alcoholic liver disease (33, (58) (59) (60) , and that TIMP-1 expression is five times upregulated in cirrhotic compared to normal liver. Studies conducted on billiary atresia showed that also bile ductular epithelial cells, as well as Kupffer cells and hepatocytes produce MMP-7. These studies revealed also a significant positive correlation between MMP-7 immunostaining positivity with the stages of liver fibrosis (61) . In another animal alcohol induced liver fibrosis model (62), TIMP-1 was found to be the most powerful factor determining sinusoid capillarization and perisinusoidal fibrosis; at the same time, TIMP-2 was the most effective regulator on the metabolism of type IV collagen located in the basement of sinus.
Although many aspects are still to be clarified on the mechanisms of fibrosis resolution, it is clear that fibrosis deposition during CLD proceeds parallel to a general reorganization of the ECM in the liver parenchyma; this ECM reorganization is finely regulated by complex proteatic systems such as those of MMPs and their inhibitors. Because of their recognized important involvement in the liver fibrosis pathogenesis, many researchers have started investigating the possible use of MMPs and TIMPs as prognostic markers, in the attempt to find a valid alternative to the use of liver biopsy to detect fibrosis. Although definite conclusions have not been made, many studies have been developed by correlating serum levels of MMPs and TIMPs to their hepatic levels, and also to fibrosis settlement. Before examining this part of literature, we reported on present methods, needs and problems of liver disease staging.
Current invasive and non-invasive techniques for liver disease staging and monitoring
Chronic liver diseases embrace a variety of hepatic pathologies with different aetiology and severity, but where the necroinflammatory process lasts at least 6 months. Regardless of their heterogeneity, CLD share many of their clinical, serological and histopathological features. The histopathological evaluation of localization, extension and severity of hepatic injury, in its inflammatory and fibrotic components, holds great prognostic value. However, as interindividual differences are present, histopathological features are insufficient to fully characterize a CLD. Together with improvement in the diagnostic techniques, leading to more precise and less invasive methods, the concept of monitoring has gained importance, as well as the possibility to detect early indices, predictive of a negative prognosis. The major life-threatening complications in CLD are likely to be related to severity and extension of liver injury, while being relatively independent from the duration of the disease (63) . A deeper understanding of the pathogenetic mechanisms occurring in CLD, and the consequent early detection of the steps leading to fibrosis and cirrhosis, represents a crucial goal for diagnostics in hepatology, as it would greatly improve the monitoring possibilities, and the quality of life of the patients.
At the present state of our knowledge, liver biopsy still represents an essential procedure for staging liver disease. In order to give an objective evaluation of the histopathological patterns, and satisfy such a clinical necessity, different scoring systems have been developed. The simplest scoring system, the Metavir score, was specifically created for staging liver injury occurring in chronic viral C hepatitis. Two parameters are considered: extension of inflammatory cell infiltration, as a measure for the activity of hepatitis (grading), and extension of fibrotic bridles (staging). The histological activity index (HAI), developed by Knodell, first, and modified by Ishak, despite its complexity, aims to achieve a greater prognostic value (64) .
However, despite its importance, liver biopsy presents some limitations. The risk of a disease underestimation is the most significant one, as hepatic lesions are often randomly located within the liver. Some studies have reported this risk to be 20-50% of all cases (65) . Moreover, the scoring systems based on liver biopsy assume a linear increase in the severity of fibrosis between stages, while it has been clearly shown that a greater increase of severity occurs in he highest stages (66) . Other limitations are related to its invasive nature, such as pain and the risk of peritonitis and hypotension.
Parallel to the limitations of liver biopsy, clinical needs for identification of the risk factors for progressive fibrosis require additional non-invasive techniques to be developed. There is evidence showing that even advanced fibrosis might be reversible, so that the research for antifibrotic therapies is gaining interest (67) . From this perspective, the need for an early and regular monitoring of response will greatly exceed the possibilities given by liver biopsy. It is also reasonable to think that a continuous variable such as fibrosis could be better described by a continuous spectrum of marker values, instead of being enclosed in stages.
Several predictive serum-based tests have been evaluated for fibrosis and cirrhosis (68) (69) (70) (71) (72) . The predictive value of single markers has been studied, as well as the one given by combinations of different markers calculated by algorithms. Although no ideal marker exists, as most are not liver specific or are affected by inflammation or other pathologies, from the great number of studies already carried out, it is possible to conclude that single markers often correlate well with cirrhosis; however, diagnostic accuracy for fibrosis is greater in studies using multiple markers. The most significant serum markers and models for fibrosis prediction are briefly discussed below. Nevertheless, it is worth remembering that conventional tests of liver function, although they do not directly assess liver fibrosis or cirrhosis, still provide important information to the clinician about occurring liver damage (AST, ALT) as well as liver biosynthetic capacity (albumin, PT). The development of new markers and indices should not exclude the possibility of a re-evaluation of such conventional markers (73) (74) (75) (76) (77) (78) (79) .
Among the collagen markers, the N-terminal propeptide of type III collagen (PIIINP) has been validated in alcoholic liver disease, hepatitis C, and non-alcoholic fatty liver disease. Serum levels increase with the degree of liver fibrosis (80) .
Serum levels of hyaluronic acid (HA) are elevated in various chronic liver diseases, due to production by hepatic stellate cells and decreased clearance by sinusoidal endothelial cells. Serum levels correlate with liver fibrosis in alcoholic liver disease and chronic hepatitis C (81) (82) (83) .
Serum concentrations of ·2-Macroglobulin, produced by hepatocytes and stellate cells, also positively correlate with liver fibrosis. A negative correlation has been seen for serum levels of A1 apolipoprotein and haptoglobin (84) (85) (86) .
Matrix metalloproteinases and TIMPs have also been correlated to liver fibrosis. The literature concerning this topic is reviewed in the next section.
Among the serum models using multiple markers, FibroTest was published in 2001, initially applied to HCVrelated chronic hepatitis. Further, it has also been applied to chronic hepatitis B infection and to non-alcoholic fatty liver disease (NashTest). A combination of five markers is used to generate a score: Apo A1, haptoglobin, ·2-Macroglobulin (·2-M), Á-glutamyl transpeptidase (Á-GT) activity and bilirubin, together with age and gender of the patients. Height, weight, serum triglycerides, cholesterol, AST and ALT are added in the NashTest. Scores from 0 to 0.10 provide a negative predictive value for the presence of significant fibrosis ranging from 100% to 85%, according to different validations. Scores from 0.60 to 1.00 have 90-78% positive predictive value for significant fibrosis. Scores from 0.11 to 0.59 are considered indeterminate and liver biopsy is recommended in these cases (87) (88) (89) .
FIBROspect was first developed in 2004 for hepatitis C patients. Three serum markers are used: ·2-M, hyaluronic acid and TIMP-1. Both positive and negative predictive values for presence or absence of fibrosis are around 75%. The cutoff score is 0.36 (90, 91) .
Hepascore is a score from 0.00 to 1.00 calculated from the measurement of serum bilirubin, Á-GT activity, ·2-M and hyaluronic acid levels, plus age and sex of the patient. It has been validated in hepatitis C patients, where a score ≥0.50 provided a positive predictive value of 88% for significant fibrosis, and a score <0.50 had a negative predictive value of 95% for the absence of advanced fibrosis (92) .
Other scores have been developed such as Fibrometer, and the algorithm created by the European Liver Fibrosis Group (ELFG). Fibrometer uses six markers: platelets, PT index, AST, ·2-M, hyaluronic acid and urea. The ELFG score combines age of the patient with serum concentrations of hyaluronic acid, PIIINP and TIMP-1. This algorithm has been applied to hepatitis C, alcoholic liver disease and nonalcoholic fatty liver disease. The predictive values of these models were similar to the other models (93, 94) .
Several non-invasive diagnostic imaging tests for fibrosis and cirrhosis, which do not involve testing serum, have been evaluated, among which noteworthy is the transient elastography (Fibroscan). Transient elastography is based on ultrasounds, and it aims to assess liver fibrosis by measuring elastic properties of liver parenchyma and liver stiffness. Liver stiffness measurement can accurately diagnose advanced liver fibrosis, but its performance in early liver fibrosis is less satisfactory. Some authors have stated that transient elastography gives a performance in assessing liver fibrosis similar to FibroTest; however, it is interesting to note that a better performance can be given by combining transient elastography and FibroTest. It has been suggested that using this combination, 84% of hepatitis C patients could have avoided biopsy (95, 96) .
Using MMPs and TIMPs as markers of liver fibrosis
What can be summarized from a re-examination of literature concerning the use of MMPs and TIMPs as biomarkers for fibrosis is, that they basically have a positive predictive value lower than liver biopsy when used as single markers. Using them in combination with other markers, however, is reasonable proving a promising approach. Several studies have been developed, trying to assess the correlation with serum or plasma concentrations of different MMPs and TIMPs and liver fibrosis or cirrhosis. Before analyzing some of the most recent and significant works, it is important to stress some aspects which must be taken into consideration when assessing the validity of a serum marker for fibrosis. First, a homogeneous set of patients in terms of liver disease type and treatment is required. An accurate selection must be applied, to avoid interference with other inflammatory conditions; though MMPs and TIMPs reflect hepatocyte injury or necro-inflammatory activity, they are not liver fibrosis-specific. A further problem is that differences in assays and/or lack of agreement about those that can be considered as the normal values of these markers negatively influence published cut-off values of serum model scores.
Despite these difficulties, however, a first goal has been reached by non-invasive fibrosis markers, as very low levels of INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 24: 143-152, 2009 the serum markers usually have very high negative predictive values; therefore, it has been suggested that liver biopsy could be spared in these patients, as they have a very low probability of significant fibrosis (97) (98) (99) .
Among the most recent studies regarding serum models (100), the use of a panel of circulating markers was evaluated in order to determine liver fibrosis staging. In this study 194 HCV+ patients underwent liver biopsy before receiving antiviral treatment. They were eventually compared with 194 healthy controls. Serum levels of hyaluronate, PIIINP, MMP-1, MMP-2, MMP-9, TIMP-1 and TIMP-2 were determined by RIA and ELISA. Histological lesions were staged according to METAVIR score. Hyaluronate, PIIINP, TIMP-1, and TIMP-2 were found increased compared to the controls, and a correlation with fibrosis was observed.
A second study was carried out to validate an index combining serum concentrations of PIIINP, HA, MMP-1, MMP-9 and TIMP-1 in 79 HCV+ patients treated with INF-· and ribavirin for 24-48 weeks, to assess their variations during antiviral treatment (101) . HA and TIMP-1 serum concentrations were also found significantly lower at the end of follow-up in responder patients, but early changes were minimal and not influenced by the response to treatment.
In another study (102) , serum levels of MMP-2 and TIMP-1 were used as non-invasive parameters for liver fibrosis diagnosis by comparing them with histological diagnosis and with conventional liver function tests in 41 patients with HCV-related chronic liver disease and 10 healthy controls. Among the 41 patients, 14 had histologically proven liver cirrhosis. Hepatic histology was evaluated using the histological activity index according to Ishak. The results were that MMP-2 serum levels were similar in controls and in chronic hepatitis C patients with (n=15) and without (n=12) fibrosis, but increased significantly in cirrhosis. TIMP-1 serum values showed a steady increase from normal controls to chronic hepatitis C without fibrosis, hepatitis C with fibrosis, and cirrhosis. The diagnostic potential of MMP-2 to detect fibrosis was low with a sensitivity of 7% and a diagnostic efficiency of 56%. The diagnostic potential of circulating MMP-2 to detect cirrhosis was higher with a sensitivity of 83% and a specificity of 96%, resulting in a diagnostic efficiency of 92%. Serum TIMP-1 values detected fibrosis with a sensitivity of 67% and a specificity of 69% resulting in an efficiency rate of 70%. TIMP-1 values detected cirrhosis with 100% sensitivity but only 75% specificity. The diagnostic potential of circulating TIMP-1 was higher than the one of serum ALT, AST or albumin values. The conclusions were that serum values of MMP-2 and TIMP-1 are able to detect cirrhosis with a high sensitivity; moreover, regular determinations of both TIMP-1 and MMP-2 in patients with chronic hepatitis C may be used as indicators of increasing fibrosis and the development of cirrhosis.
A study on HCV infected Egyptian patients evaluated 109 patients with detectable HCV by RT-PCR (103) . The patients were classified into three different pathological stages and grades. The different clinical, biochemical, virological and ultra-sonographic parameters were assessed and analyzed, and the variables that showed significant association with histopathological staging or grading were included in multivariate logistic regression analysis. The regression model revealed that, platelet count, matrix MMP-9, portal vein diameter, splenic longitudinal axis, ALT, AST and viral load were the factors that provided significance to the model. From these findings a new score was generated ranging from 0 to 9. The score model was applied to the patients to assess its validity where it proved to be accurate in discriminating patients with mild inflammation and fibrosis (sensitivity 81.8%, specificity 80.5% and accuracy 80.7%) and more accurate in detecting patients with cirrhosis (sensitivity 80%, specificity 96.6% and accuracy 93.6%), but less accurate in detecting patients with moderate to severe fibrosis (sensitivity 68.7%, specificity 66.7%, accuracy 67.9%). The study concluded that, the score model could not completely replace liver biopsy but at least it could be used to substantially reduce the number of liver biopsies to assess disease progression during follow-up in patients with chronic HCV infection. Moreover, the authors underlined how the score could be used to make decisions on treatment in patients who have contraindications to or who refuse liver biopsy.
In other studies, in order to clarify whether circulating MMPs and their tissue inhibitors TIMPs could be used as serum markers of fibroproliferation in chronic liver diseases the expression of MMP-2, MMP-9, TIMP-1 and TIMP-2 in peripheral blood mononuclear leukocytes and polymorphonuclear leukocytes were studied by RealTime-PCR. The authors later compared the intracellular expression to the circulating concentrations of the same markers, and correlated them to hepatic histology, in patients with chronic active C hepatitis (CAH) (104) . Twenty healthy controls were recruited, as well as 40 patients with CAH and 20 patients with hepatitis C-induced cirrhosis. MMP-2 mRNA was found almost exclusively in the liver, while MMP-9 mRNA was found in leukocytes. TIMP RNA-equivalents were decreased in mononuclear cells of CAH patients, but neither MMP-9 nor TIMP RNA expression showed any correlation to the extent of inflammation or fibrosis. MMP-2 and TIMP-1 protein concentrations were increased in cirrhotic patients though they showed a wide overlap in CAH patients and healthy controls. MMP-9 values were lower in CAH and cirrhotic patients than in healthy controls. TIMP-2 values showed a wide overlap in all three groups. The MMP-2/ TIMP-1 and MMP-9/TIMP-1 ratios were lower in cirrhotic patients than in healthy controls; the MMP-2/TIMP-2 and MMP-9/TIMP-2 ratios were not different. Peripheral blood cell expression of MMP-2, MMP-9, and TIMPs revealed no correlation with the circulating concentrations of these proteins. Circulating TIMP-1 and the MMP-2/TIMP-1 ratio correlated to the inflammatory activity in liver biopsies, but only the circulating MMP-2/TIMP-1 ratio also correlated with the histological degree of fibrosis. Thus, circulating MMP-2/ TIMP-1 ratio could be further evaluated as a progression marker in patients with chronic liver disease.
As an attempt to investigate the liver specific MMP and TIMP expression, liver mRNA levels of MMP-2, MMP-7 and MMP-9, TIMP-1, TIMP-2 and TIMP-3 have been analyzed and correlated to the histological stage of the disease and to the procollagen IV liver mRNA levels in 29 patients with chronic active C hepatitis and 7 patients with HCV-related endstage liver cirrhosis (105) . The results showed that from normal livers to cirrhosis both TIMP and MMP RNA levels increased.
However, none of the RNA levels differed significantly between chronic active hepatitis patients with and without fibrosis. These results also provided further confirmation of the trend of MMP-2 and TIMP-1 as the best discriminators between cirrhosis and pre-cirrhotic stages. MMP-7 mRNA levels were also found to follow the tendency of MMP-2 and TIMP-1. The three markers correlated with histologic and biochemical inflammatory activity and with procollagen IV intrahepatic mRNA levels.
Many studies have highlighted the role of the MMPs and TIMPs in the fibrogenesis in response to treatment based on INF· and ribavirin. A study was performed on the effects of INF· on hepatic metabolism during fibrotic stages of CLD, as well as to monitor serum concentrations of TIMP-1 and PIIINP, reflecting fibrolysis and fibrogenesis, respectively (106) . Serum levels of TIMP-1 and PIIINP were serially measured in 112 treated and 31 untreated patients with chronic hepatitis C during and after interferon-· treatment. Serum pre-treatment levels of both markers were significantly higher in non-responders than in sustained and transient responders. Moreover, serum TIMP-1 levels decreased significantly during and after treatment in sustained responders, and decreased temporarily at the end of treatment in transient responders, while they remained unchanged during and after treatment in non-responders and untreated patients. Serum PIIINP levels decreased significantly during and after treatment in all treated groups. Histological examination 12 months after interferon was completed demonstrated, intriguingly, that hepatic fibrosis improved in sustained responders while was unchanged in transient and non-responders; it also progressed in untreated patients. According to the authors, the results suggested that INF· treatment of chronic C hepatitis may improve hepatic fibrosis in sustained responders by the acceleration of fibrolysis as well as the inhibition of fibrogenesis, and that it may suppress the progression of hepatic fibrosis in non-sustained responders by the inhibition of fibrogenesis.
Regulatory elements involved in liver fibrosis, such as platelet derived growth factor-BB (PDGF-BB) and transforming growth factor-ß1 (TGF-ß1), have been studied along with MMP-1 and TIMP-1, to determine whether these molecules could be used as indices for the diagnosis of hepatic fibrosis (107) . Serum samples from 60 patients with chronic viral hepatitis B and 20 healthy blood donors were assayed to determine the level of PDGF-BB, TGF-ß1, MMP-1, and TIMP-1 by ELISA technique. The expression of TIMP-1 mRNA and MMP-1 mRNA in peripheral blood mononuclear cells (PBMCs) was detected by RT-PCR. Liver biopsy was performed in all patients, and the biopsy samples were histopathologically examined. Serum levels of PDGF-BB, TIMP-1 and MMP-1, as well as TIMP-1 mRNA and MMP-1 mRNA levels in PBMCs were significantly higher in the patients than in healthy controls. Moreover, serum levels of PDGF-BB, TIMP-1, TIMP-1/MMP-1 ratio, and TIMP-1 mRNA were positively correlated with fibrosis stage and inflammation grade, while serum levels of MMP-1 were negatively correlated. TIMP-1 mRNA/MMP-1 mRNA ratio was also positively correlated with inflammation grade. In conclusion, serum PDGF-BB proved the most valuable marker, and its sensitivity was the highest among the indices.
The markers with the highest specificity were TIMP-1 mRNA, and TIMP-1 mRNA/MMP-1 mRNA ratio.
From the data present in literature and herein reviewed, it is possible to conclude that the use of MMPs and/or TIMPs as non-invasive markers of inflammation and fibrosis in CLD is possible and offers promising perspectives. From a long experience in the use of liver biopsy it is now clear that biopsy cannot be considered as the ideal solution for every circumstance; liver biopsy can fail an exact estimation of the disease as every other test and, most importantly, it cannot be repeated unlimitedly. From this point of view the research for auxiliary methods of liver disease staging appears reasonable. The present data on MMPs and TIMPs show interesting possibilities for the use of these molecules, as they could provide a good contribution in terms of sensitivity and specificity, if used in combination with other parameters within algorithms. What can be suggested from the data reviewed here is that more studies with lager number of patients and healthy controls are needed, to acquire the necessary experience. Importantly, homogeneous methods and techniques should be used for measuring the serum levels. A reasonably integrated approach should be found comprising serum markers, liver biopsy, as well as diagnostic imaging techniques such as ultrasonography and transient elastography.
